Differential recognition of calmodulin-enzyme complexes by a conformation-specific anti-calmodulin monoclonal antibody.
An anti-calmodulin monoclonal antibody having an absolute requirement for Ca2+ has been produced from mice immunized with a mixture of calmodulin and calmodulin-binding proteins. Radioimmune assays were developed for the determination of its specificity. the epitope for this antibody resides on the COOH-terminal half of the mammalian protein. Plant calmodulin or troponin C had little reactivity. The apparent affinity of the antibody for calmodulin was increased approximately 60-fold in the presence of heart calmodulin-dependent phosphodiesterase. The presence of heart phosphodiesterase in the radioimmune assay greatly enhanced the sensitivity for calmodulin. The intrinsic calmodulin subunit of phosphorylase kinase and calmodulin which was bound to brain phosphodiesterases was also recognized with high affinity by the antibody. The antibody reacted poorly with calmodulin which was bound to heart or brain calcineurin, skeletal muscle myosin light chain kinase, or other calmodulin-binding proteins. In direct binding experiments, most of the calmodulin-binding proteins studied were unreactive with the antibody. This selectivity allowed purification of heart and two brain calmodulin-dependent cyclic nucleotide phosphodiesterase isozymes on immobilized antibody affinity columns. Phosphodiesterase activity was adsorbed directly from crude samples and specifically eluted with EGTA. Isozyme separation was accomplished using a previously described anti-heart phosphodiesterase monoclonal antibody affinity support. The brain isozymes differed not only in reactivity with the anti-phosphodiesterase antibody, but also in apparent subunit molecular weight, and relative specificity for cAMP and cGMP as substrates. The calmodulin activation constants for the brain enzymes were 10-20-fold greater than for the heart enzyme. The data suggest that the binding of ligands to Ca2+/calmodulin induce conformation changes in calmodulin which alter reactivity with the anti-calmodulin monoclonal antibody. The differential antibody reactivity toward calmodulin-enzyme complexes indicates that target proteins either induce very different conformations in calmodulin and/or interact with different geometries relative to the antibody binding site. The anti-calmodulin monoclonal antibody should be useful for the purification of other calmodulin-dependent phosphodiesterases as well as isozymes of phosphorylase kinase.